Indicator-dilution curves were obtained across the peripheral vascular bed in 15 patients soon after the beginning of heart lung bypass, and in eight of these persons they were repeated just prior to the conclusion of bypass. A bolus containing labelled red cells and albumin was injected into the arterial inflow line just proximal to the aorta. Serial blood samples were obtained at intervals of 1 second from the venous return line, just distal to the right atrium, and the radioactivity was measured. The interposed volume of blood in the pump oxygenator delayed recirculation, allowing extrapolation of the exponential downslope and calculation of flow rates and indicator distribution volumes by the Hamilton-Stewart equations.
tinued uptake of blood, when the extracorporeal circuit is primed with homologous blood. 1 This paper presents data from eight patients in whom indicator-dilution curves were obtained, with simultaneous injection of red cells and serum albumin at the beginning, and just prior to the conclusion of open heart lung bypass. Data from seven other patients, who had similar studies only at the beginning of bypass, are also included.
The general data concerning these 15 subjects are presented in table 1 . The ages of the eight patients who had indicator-dilution curves made at the beginning and end of bypass, ranged from 8 to 61 years. Two had congenital abnormalities, and the other six had valvular rheumatic heart disease. The ages of the seven additional patients who had curves made only at the beginning of bypass ranged from 18 to 51 years.
Operative Conditions
Each patient was given 10 drops of Lugol's solution preoperatively. All the operations were performed via a median stemotomy, with a rotating disc oxygenator and a rotary arterial GIANNELLI ET AL. The The withdrawn blood was pumped into separate test tubes each second for 2 minutes. Aliquots of 2 ml were obtained from each tube, and radioactivity from 125I and 51Cr was measured over a 5-min period in a Packard auto-gamma spectrometer. Similar studies were made prior to the conclusion of bypass in eight patients. Perfusion rate and venous or right atrial pressure were adjusted to be the same value as they were during the sampling for the first curve. All of the patients were rewarmed prior to obtaining the second curve. The temperature of both the arterial and venous return blood had reached 36 to 38 C, but the rectal temperature usually was 34 to 36 C. Thus the body thermal conditions were not Figure 2 presents the total venous return curve from patient A.S. All the curves had this general configuration. There was a single peak for each indicator; that for albumin was always later than the red cell peak. The downslope usually had several exponential components. The terminal component was 
Interrelationships of Other Data
The only significant change that occurred between the beginning and end of bypass was a mean rise in pH from 7.373 to 7.463. Scatter diagrams studying other relationships between several other variables failed to show significant correlations. The intercept of the regression of flow rates determined from the albumin curves on pump flow was -212 ml/min and that for red cell flow -413 ml/min. This could be due to an undetected methodologic error in calculation of flow from the indicator-dilution curves.
The calculations assumed two conditions that were not totally true: first, that all of the indicator particles completed their initial transit early enough to be represented in the curve, and second, that no indicator was lost from the vascular bed in a single transit.
When labelled red cells or serum albumin are injected into an intact subject, total equilibration takes about 5 min,'2 but takes longer in states of low cardiac output .13 This means that a small percentage of red cells and albumin molecules distribute themselves slowly into some regions. In the present study these slow regions would be expected to Albumin is known to leave the vascular bed and enter lymph.14 Even though this is a slow process, some labelled albumin must leave in the initial transit and cannot be represented in the dilution curve obtained at the venous return site.
Each of these two mechanisms, slow transit time and loss of indicator, would cause a decrease in the recovered radioactivity counts and decreased curve area. The area of curve is the denominator in the equation for calculating flow rate, and thus a decreased area would increase the calculated flow value. Therefore, slowly circulating red cells would result in a calculated flow somewhat greater than the pump flow. For albumin, both the slow transit times plus leakage of albumin would combine to give flows higher than pump flow. Consequently, if there was no methodologic error, the calculated flows from both the albumin and red cell curves should always be equal to, or greater, but never less than pump flow. Q0 averaged 94 ml/min less than pump flow, while Qalb averaged 93 ml/min more than Qp. Neither of these differences was statistically significant, but the difference between Qalb and Q, averaging 187 ml/min, was significant at the 5% level. This suggests that the loss of red cells during the first circulation was negligible and that all of the injected red cells returned to the right atrium early enough to be included in the dilution curve. By contrast, about 6% of the injected albumin molecules did not contribute to the curve of first circulation, because of long transit times or escape from the vascular space.
If albumin molecules were lost from the circulation at the same rate in all portions of the vascular space, each 1-sec sample would contain a proportionately reduced number of labelled molecules, and the shape of the curve and the mean transit time would not be affected. If, on the other hand, the loss of albumin were greatest from portions of the vascular bed with long transit times, then the mean transit time would be underestimated.
We have obtained several dilution curves from the inferior vena cava, which suggest that the mean transit time across the splanchnic circulation is longer than that across the other vascular beds. This would be expected because of the passage through two capillary beds, the hepatic sinusoids, and the capillaries of the other splanchnic viscera. One would expect the greatest loss of albumin in this circulation because both of these beds are more permeable to albumin than is the general circulation. 15 Several aspects of heart lung bypass may be variably managed during a successful perfusion: flow rate, arterial pulse contour, perfusate hematocrit, arterial oxygen tension, and central venous pressure. Consequently, each surgical group conducts perfusion differently, and these data strictly apply only to the perfusion conditions of this study. However, consideration of the above variables suggests that our findings are also probably applicable to the perfusions carried out somewhat differently.
Most surgical groups perfuse at 2.2 L/min/ m) or higher, thus providing normothermic oxygen requirements.23 Kinter and Pappenheimer 24 found that the ratio of renal hematocrit to perfusate hematocrit decreased with increasing flow rate. Within the variations of perfusion rate per kilogram of body weight in this study there was no correlation between flow rate and ratio of HctWB to HctpER- There are considerable data concerning the hemodynamics of pulsatile flow, but ve-v few on the physiologic effects of pulsatile versus nonpulsatile flow. Recently it has been shown that organ function is satisfactorily preserved for longer periods when kidneys,2) segments of intestine,26 and the liver27 are perfused with pulsatile rather than with nonpulsatile flow. Therefore, pulsatile perfusion should also be superior for clinical heart lung bypass and probably will be adopted. Since 
